Abstract: Little research has been done on occupational health ramifications of informal electronic waste (e-waste) recycling work, which is increasingly common in low-and middle-income countries, and very little is known about this in high-income countries. Our study evaluated informal and formal e-waste recycling workers in Chile, which was recently recognized as a high-income country. In 2017 we recruited 78 informal recycling workers from two cities, and 15 formal e-waste recycling workers from one recycling facility. Participants completed a questionnaire and health assessment regarding their involvement in, and potential impacts of, e-waste recycling, among other measures. Participants were primarily male, middle-aged, married with children, and had worked in e-waste recycling for an average of 12 years. Participants generally reported good health status, and chronic disease prevalence was similar to the national prevalence. Workers commonly reported exposures to several occupational stressors, including mental health stressors and noise, as well as insufficient income. Occupational injuries were common and use of safety equipment was low. No significant differences were found between informal and formal workers. Informal ewaste workers in Chile face occupational health challenges. The extent to which these issues impact the health of informal Chilean e-waste workers is unclear and warrants further research.
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Introduction
In 2013, the World Health Organization (WHO) declared the production of electronic waste (e-waste) to be a growing global environmental health problem [1] [2] [3] [4] [5] . In 2005, annual e-waste generation was estimated at 35 million tons, and increasing, with greater production occurring in developed countries, for later transfer to low-and middle-income countries for reuse or recycling [6] .
Despite the presence of legislation addressing e-waste recycling, informal recyclers operate in the country, though the extent of their operations is unknown. The informal recycling network usually includes collectors, who collect e-waste from residential areas and sometimes companies; recyclers, who dismantle e-waste products into their constituent parts and recover valuable materials; scrap dealers, who buy raw materials and products from recyclers and collectors; and repair shops, which use parts salvaged by recyclers to repair the broken goods in order to return waste electronics to working condition or transferring functional components to other products.
The purpose of this article is to describe the design and population characteristics of a group of Chilean e-waste workers. Chile, has recently been classified as a high-income country [24] , but the extent and methods of informal ewaste recycling in the country is poorly understood. In addition to describing informal e-waste recycling efforts in Chile, we compare formal and informal workers in the country, and also make comparisons to e-waste recycling in other countries.
Methods
The original study protocol was approved by Health Sciences and Behavioral Sciences Institutional Review Board (IRB-HSBS) of the University of Michigan (Study eResearch ID: HUM00114562), and the Chilean section was also approved by the Ethics Committee for Research in Human Beings of the Faculty of Medicine, University of Chile (approval 101-2017).
Study site and design
We elected to focus on two different urban areas where informal recycling might occur. To increase variability, we included Santiago, the largest city in the country, and Temuco, a mid-size city of about 300,000 inhabitants [23] (Figure 1 ). Informal recycling social movements were contacted to aid the process and identify areas and individuals for recruitment purposes. To facilitate comparisons with formal workers, we recruited a single formal recycling midsize company in the country. 
Participant recruitment
During June and July 2017, informal workers were identified in the two cities at e-waste collection sites, repair shops, public fairs, flea markets, and other places previously identified by recycling groups. In July and August, 2017, each of these sites were visited and potential participants were contacted. Potential participants were screened to confirm that they fell into one of the recycling activities targeted in our study (i.e., collectors, recyclers, repair shops, or scrap dealers). Research staff explained the study objectives, procedures, and measurements to potential participants in detail, and interested individuals then signed a Spanish-language consent form.
Participant activities
Participant data collection in Santiago, Temuco, and at the formal recycling company took place in August 2017. Table 1 summarizes the study procedures completed by all participants with the assistance of research staff. All participants were asked to complete a questionnaire and health assessment, provide blood and urine samples, undergo air sampling and noise monitoring, and complete a daily activity log. This manuscript will focus only on the results from the questionnaires. Four items from the questionnaire were drawn from Cohen's perceived stress scale; these items addressed the frequency with which participants: felt unable to control important things in life; were confident about personal ability to handle problems; felt things were going their way; and felt they could not overcome difficulties [30] . Additionally, a subset of participants also provided surface wipe samples in their homes or workplaces, were filmed for later activity analysis, and participated in focus groups designed to explore particular aspects of informal e-waste recycling. These activities will also be described elsewhere
Data Analysis
Only results of the questionnaire are provided in this article. An initial exploratory analysis was performed to identify, and correct, typing errors and missing values. Then, descriptive analysis of the variables was carried out using absolute and relative frequencies, for categorical variables, and measures of central tendency and dispersion, for continuous ones. Differences between sites and types of recyclers were explored using χ 2 and ANOVA.
Results
Sociodemographic and occupational characteristics of the population
From the initial 190 people invited, 93 agreed to participate: 53 informal recyclers in Santiago, 25 informal recyclers in Temuco, and 15 workers at the formal recycling company ( Figure 1 ). In Santiago, participants were mainly clustered around 4 sites: Peñalolén, Peñaflor, Maipú and Persa Bío-Bío, with participants from Peñalolén, Peñaflor and Maipú being mostly collectors and recyclers, and those from Persa Bío-Bío being mostly repairers. In Temuco, participants were clustered around 3 sites: Feria Pinto, Corcolén Park and Emmaus, with participants from Feria Pinto and Emmaus being mostly repairers, and those at Corcolén being recyclers. The 15 participants from the formal recycling plant were mostly operators, with some administrative staff, working in all sections of the recycling process (sorting, dismantling, shredding, packaging, shipping).
Sociodemographic characteristics of the participants are shown in Table 2 and Table S 1. Most participants (74%) were male, with an average age of about 46 years old, and lived in households of about 4 people. About half of the participants were married with children. Their education level included primarily basic (8 years) or medium school (12 years); only 16% reached higher college or technical degrees. Informal workers were slightly more likely to be male, and were slightly older than formal workers. E-waste recycling was the main source of income for most participants (83%), although over a third of participants (37%) reported other sources of income, as well. Monthly income was around USD$500, which is above the minimum salary in Chile (USD$445 per month). More than 20% of participants reported income above USD$1000. Notably, there was no difference in reported income between formal and informal workers. Overall, participants had low-to medium-income and were similar to workers in other technical jobs in Chile [31] .
Regarding their work history (Table 3 and Table S 2), most participants were currently employed (97%) and working in e-waste related jobs (99%), although only 65% of them reported e-waste as their main source of income. They have been involved in e-waste activities for ~12 years on average, and most (61%) worked 5-8 hours per day an average of almost 6 days each week. The most commonly reported e-waste activities were recycling (62%), collecting (34%), repairing (31%), and dealing scrap (25%). Also, participants identified their role in the e-waste process mainly as recyclers (46%), collectors (42%), working in repair shops (34%), and buying raw material (10%). When comparing formal and informal workers (Table S 2), it is evident that formal workers worked mainly in direct recycling activities, had e-waste work as their main source of income, and had been working in this sector for a shorter time (less than 2 years on average). 
Self-reported health
Results for self-reported health history are shown in Table 4 and Table S 3 . Overall, most participants (>60) assessed their health status as good or better, with a small fraction (~30%) reporting fair or poor health. Regarding symptoms in last two weeks, the most commonly reported conditions (with >20% reporting occasionally or frequently experiencing these conditions) were headache or dizziness, heart beating abnormally, breathing problems, and nausea or stomach ache. A small fraction of the participants (~5%) reported more serious symptoms such as blood in urine and blood in stool. Only a fraction of the workers (~30%) sought medical treatment for these conditions, mostly in the formal health care system. Regarding chronic conditions, 31% of participants were current smokers (31%), consistent with the national prevalence of smoking in Chile (33.3%) [32] . Most participants did not report chronic diseases. Among those who did, the most common were high blood pressure (26%), diabetes mellitus (14%) and asthma (5.4%). Medication use was common among participants with these conditions. A small fraction of participants (16%) reported that they suffer conditions that limit their work (16%), and a surprisingly high amount (22%) reported unintentionally weight loss during the past year. When comparing formal and informal workers (Table S 3) , no major differences were found.
Self-reported occupational exposures
Regarding stressors (Table 5 and Table S 4), about 40% of participants felt they were sometimes or very often unable to control important matters in their lives and that they could not overcome difficulties. Insufficient income to support themselves and their families was also reported by 62% of participants. On the other hand, most workers reported that they decide their work methods (77%), they have not experienced violence or harassment at work (83%) and they reported that work do not interfere with their family responsibilities or leisure time (62%). When comparing formal and informal workers (Table S 4), in general no major differences were found. Self-reported exposure to noise is shown in Table 6 . A majority (55%) of participants reported working in loud noise sometimes or more often than sometimes, with an average duration of 8.8 ± 11 years. A number of participants reported difficulty hearing (28%) that had started in adulthood (89%). Diagnosis of hearing loss was rare among workers (8.6%). Finally, nearly one-third of workers reported experiencing tinnitus after being exposed to loud noise. Informal workers (~12 years) had been longer exposed to noise than formals (3.6 years) (Table S 5). Table 6 . Self-report noise exposure in the study population. 
Self-reported occupational injuries
Participants reported an average of 3 ± 7.1 occupational injuries in the past six months (Table 7 and Table S 6 ). Frequently reported injury types included cuts and lacerations (31%), contusions and abrasions (16%), and puncture wounds (8.6%), with these injuries primarily occurring to workers' hands (38%) and feet or lower legs (16%). Most participants did not receive formal medical care to treat their wounds (69%) while a small fraction (14%) received treatment at a hospital or clinic. While most workers did not miss work due to injuries (76%), among those who did miss work, 35% lost five or more days. The most frequent activities at the time of injury were dismantling (32%), sorting (16%) and collecting (8.6%) e-waste. Table 7 . Self-report injuries in the study population. Most participants reported tools and components (59%) or work tasks (53%) that led to their injuries. Only 17% of participants reported receiving instruction or training on how to prevent injuries (17%). The use of safety equipment was relatively rare. While 57% of workers reported wearing leather/rubber gloves (57%) and 50% reported wearing rubber-soled boots or shoes, only about one-third wore safety glasses or a face shield, and only 16% wore a dust mask. Finally, most participants (51%) reported moderate pain (Visual Analogous Scale-VAS 4.9 ± 2.0) in their hands or wrists after working with e-waste. Similar results were found for reported muscle soreness from sitting in the same position. When comparing formal and informal workers (Table S 6) we found that formal workers reported less injuries that resulted in formal medical care at a hospital or clinic.
Discussion
While a number of studies of informal e-waste recycling workers have been conducted worldwide [2] , little is known about this industry in middle-and high-income countries outside United States and Europe. Our study of 93 workers appears to be the first study of informal e-waste recyclers in Chile, and adds to the very sparse literature on informal e-waste recycling in Latin America [22] . The participating informal e-waste recycling workers had worked in this sector for more than a decade on average, suggesting that this industry has emerged relatively recently in Chile. Workers generally reported good health status; the prevalence of chronic diseases reported was similar to the national prevalence. Workers reported a number of stressors, and insufficient income to support themselves and their families was a common issue among participants. The prevalence of injuries was high (an average of 3 injuries in the past 6 months), and the use of protective equipment was generally low. The most common injuries were cuts and lacerations to the hands that occurred during the dismantling of e-waste products. A majority of workers reported being exposed to high levels of noise sometimes or more often than sometimes, experiencing pain in their hands after e-waste recycling work, and experiencing muscle soreness after e-waste recycling work. We found no major differences between informal and formal recycling workers, although the participating formal workers were slightly younger, more likely to work mainly as recyclers, and had less experience working with e-waste than did the informal recycling workers.
Studies of informal e-waste recycling workers have been conducted in Ghana (Carlson, 2016; Srigboh et al., 2016; Burns, Sun, Fobil, & Neitzel, 2016 ) China , Vietnam [14] , and India [4] . As with our study, these workers were mostly male, except in Vietnam; however, workers in other studies were generally less educated, younger, and had a lower income and longer and more unstable working hours. Workers in Ghana appeared to [33] to work in e-waste recycling for less time than Chilean workers. E-waste recycling activities reported by informal workers in other countries included mainly collecting, dismantling, and scraping, while in Chile there was also a high prevalence of repairing and reselling e-waste. Health effects and behaviors also differed between our sample and those conducted on informal e-waste recycling workers outside Chile. One study conducted in Ghana [33] suggests that e-waste recycling workers there smoke less in comparison to our sample, but report more cardiovascular symptoms. No studies were found related to the health assessment. The informal workers in our study reported a range of symptoms that are generally consistent with one study noting that informal e-waste recycling work is associated with diseases in the skin, stomach, respiratory tract and other organs [4] .
baling, similar to the process described in other studies of formal workers (Ceballos et al., 2017; Lecler et al., 2015; Julander et al., 2014) . None of the other studies among formal e-waste workers had a health assessment similar to ours, so no comparison of health outcomes can be made.
Occupational exposure to stressors among informal e-waste recycling workers has been assessed in Ghana [33] , where most participants reported moderate to high levels of stress and work in unfavorable physical conditions, as well as violence or harassment in their occupational environment and insufficient income to support themselves. The Chilean informal e-waste recycling workers addressed here generally did not report substantial exposures to occupational stressors, violence, or harassment. However, our Chilean participants did commonly report insufficient income to support themselves and their families. With regards to occupational noise exposure, Ghanaian informal e-waste recycling workers [33] reported greater intensity of occupational noise exposure, but our Chilean workers reported longer noise exposure times. Difficulty hearing and report of a diagnosis of hearing loss was reported twice as often by our Chilean informal e-waste workers as it was among Ghanaians [33] . We did not identify other studies that quantified occupational injuries among e-waste recycling workers.
There are some limitations in our study that may reduce the generalizability of our findings. First, the representativeness of our sample is unknown, as the workforce of Chilean e-waste recyclers is not well understood, especially in the informal sector. We tried to obtain the most representative sample possible by searching for participants in both informal and formal settings and across several cities in Chile. Second, our finding that workers did not report major health problems may simply be a reflection of the healthy worker effect [35] . Third, our crosssectional assessment of exposures and health status may not accurately capture changes in these factors that have occurred over time, or the long-term average status. Finally, it is possible that participants' responses were subject to social desirability bias; although most participants reported being unfamiliar with Chilean Law N° 20.920 concerning e-waste recycling [28, 29] , it is possible that the participants were in fact aware of this law and responded to our questions in ways that maximized their compliance with that law. This could potentially have biased their reporting of injuries, e-waste recycling activity participation, income, etc. . With this study we have provided a description of an e-waste recycling population in Latin America, and the first such description in Chile. It appears that the health impacts and exposures to stressors associated with informal e-waste recycling may be lower in Chile than in the developing nations in which similar research has previously been performed. However, our assessment suggests that income insecurity is common among informal Chilean e-waste recyclers, and that injuries are common. These findings indicate that further research of informal e-waste recycling is warranted in Chile.
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